INTRODUCTION: To capitalise on the opportunities that the smoking ban legislation in Switzerland offers for the prevention of tobacco-related diseases, a smoking cessation programme in a workplace setting was developed and implemented in companies across the language and cultural regions of Switzerland. Our goal was to identify factors associated with relapse into smoking that may be overcome during training sessions or that should be considered for the optimisation of future interventions.
Introduction
In 2012, 25.9% of the Swiss population above the age of 15 were smokers [1] . In Switzerland, smoking accounts for approximately 9000 deaths each year and for economic damage of up to 10 billion Swiss francs from medical treatment costs, losses in productivity and intangible costs (loss of quality of life, years of life lost) [2, 3] . Smoking cessation is associated with a reduction of total morbidity and mortality related to cardiovascular diseases, chronic obstructive pulmonary diseases and lung cancer [4] . Group behavioural therapy is considered effective for achieving long-term smoking abstinence and thereby preventing tobacco-related diseases [5, 6] . Group interventions might also be more cost-effective than more expensive interventions for single smokers, because of the better use of the trainers' time [7] . Group interventions furthermore offer a setting of social learning and the possibility to share experiences, encourage and support each other, potentially increasing members' supportive social networks, which may contribute to satisfactory cessation rates [8, 9] . As most people spend about a third of their day at work, established communication channels in this setting can reach and encourage a large number of smokers to participate in a smoking cessation programme. Participants could also benefit from sustained peer group support and positive peer pressure within the company. Other advantages are the proximity of the training to the workplace and the opportunity for companies to support the health of their employees [10] . Shortly after Switzerland signed the WHO Framework Convention on Tobacco Control (FCTC) in 2004, the Lung Association Basel launched the project "Enterprise Smoke-free" ("Unternehmen rauchfrei"), which supports companies interested in regulating smoking at their workplaces [11, 12] . A smoking cessation programme for a workplace setting was developed in collaboration with the Institute for Therapy Research (IFT) in Munich and implemented in the various language regions of Switzerland [13] . The programme was further strengthened in 2010, when a nationwide law that limits second-hand smoke exposure in most workspaces and public indoor areas was implemented [14] . Our hypothesis was that demographic and personal characteristics, as well as the social environment (e.g., family, friends, and co-workers), of the participants have a direct and indirect influence on their motivation to stop smoking and on short-or long-term abstinence failure. Additionally, we expected that some external factors, such as training, trainer and company characteristics, withdrawal symptoms and use of pharmacotherapy influence relapse rates. The hypothesis was built in the light of the following evidence from cessation interventions different from ours. Demographic determinants such as gender, age, body mass index and work function (as a marker for education status) have been shown to be directly associated with abstinence failure [15] [16] [17] [18] [19] . Smoking characteristics known to influence smoking cessation include years of smoking, number of cigarettes smoked per day and time of first cigarette smoked after waking up [16, [20] [21] [22] . Motivation factors such as intention to stop smoking, previous smoking cessation attempts and incentives, including provision of costs or time for training by employer, were reported to have an impact on smoking relapse [23] [24] [25] [26] . There are only a few studies describing the association between relapse rates and training characteristics such as training structure, group size and trainer gender [8, 27] . The effect of withdrawal symptoms and weight gain are well documented and have a significant impact on abstinence failure [28, 29] . Additionally, pharmacotherapy has been shown to help prevent smoking relapse [30] . The ultimate objective of this current analysis was to identify groups of smokers at increased risk of abstinence failure in this specific workplace-set intervention, who would benefit from additional support before or during training sessions.
Methods

Study design
This prospective cohort study was part of an evaluation programme mandated by the Swiss Tobacco Prevention Fund to assess accountability and quality of smoking cessation courses within the Enterprise Smoke-free programme. The participants were contacted at their workplace through internal newsletters, intranet news, posters and flyers. Three anonymised questionnaires were distributed to participants: at the beginning of, the end of, and 12 months after the end of the training. To improve the response rate for the 1-year follow-up questionnaire, participants were reminded first with a letter, then by up to three phone calls and, more recently, also by e-mail. All participants were informed, orally in the first session and again in writing at later time-points, about the scientific evaluation and confidential data handling. Participation in the programme was voluntary, and written informed consent was obtained from all subjects. The joint ethics committee of northwest and central Switzerland (EKNZ) approved this study based on the evaluation data in April 2015.
Intervention
Enterprise Smoke-free is a cognitive behavioural group therapy combined with up to three individual proactive telephone counselling calls of up to 10 minutes each. The structure and content of the programme is described in table 1. Enterprise Smoke-free is based on the commonly used multicomponent treatment programme, including a fixed quit day, social support, motivational enhancement, lifestyle changes, coping techniques for risk situations, and relapse prevention [31] . It was enhanced by elements from psycho-education, and change-and acceptance-oriented psychotherapy methods, including clarification of goals, imagination rehearsal, acceptance strategies, skills training, emotion regulation and stress tolerance [32, 33] . Pharmacotherapy was not a standard component of the cessation therapy, but its use was not actively discouraged. On the basis of the standard programme (six weekly sessions of 90 minutes), compact (4 weeks, three sessions of 180 minutes) and super-compact (two weekly sessions of 270 minutes) versions were developed at the request of two big companies, for organisational reasons. Irrespective of programme type, a quit day is fixed in the middle of the programme. Training types differ in the number of sessions and time between quit day and end of the training, but not in their content or total contact time of 540 minutes. Trainers were certified after attending an extensive standardised training seminar according to the IFT model. To maintain high training quality, highly structured manuals were distributed to the trainers and they have to attend an annual advanced training session [5] . The only incentive for participants to join the programme was the waiving of the training fee, offered by most companies. Only a few companies linked fee reimbursement to successful abstinence during the training. Figure 1 shows the flow chart of study participants. All participants who voluntarily attended the Enterprise Smoke-free smoking cessation training at their workplace between 16 February 2006 and 25 September 2012 were included in this study. The study population therefore consisted of 1287 smokers aged 16 to 68 years.
Study population
Questionnaire information
Sociodemographic characteristics, smoking behaviour, motivation to quit, training and health data were taken from the questionnaires developed by the IFT and condensed for evaluation purpose by the Lung Association Basel and the Swiss Tropical and Public Health Institute Basel [5] .
Outcome measures
First, we identified the postintervention and 1-year quit rates as outcomes. The study sample used to describe the quit rate consisted of all 1287 participants. Abstinence was Figure 1 : Flow chart of study participants thereby defined in accordance with the Russell Standard defining criteria for the standard evaluation of abstinence rate of smoking cessation interventions [34] . The Russell Standard consists of: a follow-up for 6 or 12 months; selfreported abstinence allowing up to five cigarettes in total; biochemical verification of abstinence at follow-up; and use of an intention-to-treat approach in which data from the full sample of all smokers are included in the analysis unless they have died or moved to an untraceable address. According to the Russell Standard and in our study, nonabstinence was defined as self-reported nonabstinence for persons smoking more than five cigarettes in total since the quit day [34] . Dropouts from the training, nonresponders to the postintervention questionnaire, persons lost to follow-up, and persons who refused to participate in one of three evaluation questionnaires or had missing data on abstinence at the postintervention assessment and at 1-year follow-up were classified as nonabstinent at postintervention and after 1 year, respectively. This is a conservative approach to avoid overestimation of therapy benefits due to the higher likelihood of non-quitters being lost to follow-up. We also took into account a trichotomous outcome variable with levels "smoking abstinence", "nonabstinence", and "nonresponse at the 1-year follow-up" to specifically examine the reasons for nonabstinence or nonresponse. Second, we investigated risk factors for nonabstinence from smoking at the postintervention assessment and at 1 year as outcomes. The study sample to investigate predictors of smoking relapse consisted of 840 participants only; 447 participants were excluded because of incomplete pre-and postintervention variables, missing information about postintervention abstinence, unreliable information about abstinence (declaration as not abstinent or informa- tion missing at postintervention but as abstinent at followup), and other inaccurate information.
Independent variables
The risk factors for nonabstinence were grouped into sociodemographic determinants, smoking determinants, motivational determinants and training determinants at baseline (see table 2 below for specific variables in these groups), as well as into health determinants and training determinants at postintervention (see table 3 for specific variables in these groups). Among the sociodemographic determinants, the work function of the training group was used to classify participants into raw socioeconomic groups because of missing detailed information on education and income of the individual participants. Smoking determinants were selected and partly classified according to the Fagerström test for nicotine dependence [35] . The participants' health characteristics were based on known nicotine withdrawal symptoms and weight gain as a main unfavourable health effect [29, 36] .
Statistical analysis
Categorical data were described using absolute and relative frequencies and quantitative variables were summarised as mean and standard deviation. Wald tests were used to assess the statistical significance of estimates and to compare related estimates. The association of smoking abstinence failure (nonabstinence) with a total of 39 variables was analysed using multilevel logistic regression models with random intercept for training courses. These large numbers of potential predictor variables were selected on the basis of the literature and available data, in order to minimise the risk of confounding of important effects and in order to find novel entry points of potential relevance to improve quit rates. Analyses were conducted both with a dichotomous nonabstinence variable (with abstinence as reference group), including participants according to the intention-to-treat principle, and with a trichotomous nonabstinence variable distinguishing reported nonabstinence from lack of reporting. The trichotomous variable was analysed with multinomial logistic regression using "abstinence" as reference and adjusted for clustering within training courses by use of robust variance estimates. Models were built as follows. First, each of the variables was investigated for association with nonabstinence in minimally adjusted models, which were only adjusted for basic sociodemographic determinants (gender, age, work function, training language). Second, all variables were included in fully adjusted models. Five of the 39 variables had to be dropped from the models owing to collinearity problems (recommendation at postintervention; recommendation at 1-year follow-up; weight gain at postintervention; weight gain at 1-year follow-up; satisfaction with own collaboration). Gender, age, training type and use of nicotine replacement or pharmacological therapy were a priori considered as effect modifiers as they are important potential targets for stratified adaption of smoking cessation interventions according to existing evidence. 
Results
Characteristics of study population Overall, 1287 employees of 72 diverse companies participated in a total of 169 trainings given by 36 trainers. The costs of the smoking cessation training amounted to about 550 Swiss francs per participant [12] . Baseline characteristics of participants and trainings are presented in table 2, separately for (1) the intention-to-treat (ITT) sample (n = 1287), (2) the sample with complete information on relevant pre-and postintervention questions (n = 840; sample for studying determinants of quitting failure), and (3) the sample with incomplete information (n = 447). The identical grouping was used to show the postinterventional health characteristics and training opinion of participants in table 3 . Of all 1287 participants, exclusions were as follows: 19.7% (n = 254) due to incomplete preintervention information; 5.4% (n = 69) due to incomplete postintervention information; 9.2% (n = 119) due to missing information on postintervention abstinence, and 0.4% (n = 5) due to unreliable information on abstinence.
More men than women participated in this workplacebased smoking cessation training (57.7%, n = 737). Overall, 21.5% (n = 277) of all participants were younger than 30 years and 50.0% (n = 643) were older than 40 years. The level of nicotine dependence among participants was high, with 58.6% (n = 726) smoking their first cigarette within 30 minutes after waking up and an average of 18.7 cigarettes per day. The majority (95.3%, n = 1180) of the employees learned about the cessation training through company internal communication channels and 86.1% (n = 1064) were highly motivated to quit smoking. The postintervention and 12-month follow-up questionnaire response rates were 87.4% (n = 1 125) and 49.9% (n = 642), respectively. The subsample of participants for analysing determinants of smoking cessation differed in several factors from the sample excluded because of missing information (tables 2 and 3).
Quit rates
At the end of the training (postintervention), the rate of self-reported abstinence was 83.4% (rate for all participants who answered the questionnaire) or 72.4% (according to an ITT approach: rate in full sample considering dropouts, non-responders and missing data on abstinence as nonabstinent); 14.4% of 1287 subjects actively reported failure to be abstinent; 13.2% of the sample did not respond to this question). One year after the training (1-year follow-up), the corresponding rates of self-reported abstinence were 37.4% and 18.6%, respectively (31.1% actively reported relapse; 50.3% did not respond to this question).
The 12-month abstinence rates associated with the standard (n = 721) and the compact or super-compact programme (n = 566) were similar (18.2% vs 19.1% according to an ITT approach). Table 4 shows the results of the fully adjusted models including 34 independent predictors. Only the results for variables that were independently and statistically significantly (p <0.05) associated with either nonabstinence postintervention or after 1 year of follow-up are shown in this table (see supplementary tables S1A and S1B in appendix 1 for the full set of associations in minimally adjusted, fully adjusted and multinomial models). More and different factors were associated with nonabstinence at postintervention compared with the 1-year follow-up. 
Risk factors for nonabstinence from smoking
Discussion
To our knowledge, this is the first smoking cessation programme in a workplace setting that was implemented in the different languages and cultural contexts of a whole country. A rate of self-reported abstinence under real-life conditions of 18.6% with a full sample approach (ITT) at 12-month follow-up was achieved. The true success rate is probably underestimated, given a response rate of 49.9% and the conservative analysis approach in which all participants with missing data on abstinence were considered as nonabstinent. A higher abstinence rate could have been expected given the large percentage (86.1%) of highly motivated participants at the beginning of the training. The 12-month abstinence rates after smoking cessation reported in the Cochrane reviews vary between 5 and 48% for behavioural group interventions in workplace and other settings [8, 10] . The study of Wenig et al. on an equivalent smoking cessation programme, but implemented in a routine care instead of a workplace setting in Germany, showed abstinence rates of 31.8% (ITT) at the 1-year follow-up. The difference in setting, the higher response rate at the 1-year follow-up (85.5% vs 49.9%) and a higher percentage of older participants (72.5% vs 47.5% older than 40 years), who are more likely to already exhibit smoking related symptoms, can in part explain the higher abstinence rate [5] . A 5-day plan for smoking cessation using similar group behavioural therapy in Switzerland with volunteers, who responded to an announcement in the local media, achieved an abstinence rate of 25% after 1 year [21] . A workplace intervention for healthcare employees in Switzerland, which was based on individual counselling and pharmacological support, reached 24-month quit rates of 37% (ITT). It consisted of intensive individual face-toface counselling and a much higher endorsement of pharmacological support (93% vs 31% use of pharmacotherapy). Additionally, a re-intervention was offered after failed cessation or relapse. Nearly a quarter of the participants used this opportunity one or more times during the 24 months of the programme [19] . The relatively low response rate of 49.9% at 1-year follow-up in our study is possibly due to voluntary participation in the evaluation Table 3 : Health characteristics and opinion on training postintervention in Enterprise Smoke-free, stratified by subsample of participants.
ITT sample (all) n = 1287
Post-intervention sample n = 840
Incomplete information sample n = 447
Health determinants
Withdrawal symptoms postintervention 1.9 ± 1.6 2.0 ± 
Training determinants
Comprehensibility trainer language (1 = very low to 6 = very high) 5.8 ± 0. process of the programme and a high proportion of incomplete questionnaires (sufficient for evaluation but not for research and therefore excluded), the initial lower effort to obtain follow-up questionnaires due to financial restrictions and the collection of data in the context of a scientific evaluation rather than in a study planned from the start. The low response rate as a relevant factor could partly explain the lower quit rate at 1-year follow-up in the full sample approach (ITT). The interventions described, including ours, differ in target population (e.g., socioeconomic status, professional background, age), context and type of intervention, as well as cost of the intervention. These differences need to be considered in assessing the cost-effectiveness of these different group interventions. Our data suggests that, for a subsample of workers, a low-cost intervention may be sufficient to achieve long-lasting quit rates. The optimal intervention seems to depend on the personal characteristics of the targeted smokers. Our data provide some guidance as to which worker subgroups benefit from more intensive and thus costly interventions. Concerning personal determinants of smoking cessation, the results of this modern smoking cessation programme suggest that younger and more addicted smokers and those with a recent attempt to quit need prolonged support in order to achieve long lasting abstinence. These results agree well with other studies that showed that the number of years smoked is inversely related to quitting [20] [21] [22] . Improved quit rates could be achieved, for example, through prolonged telephone counselling and the opportunity of a re-intervention for participants failing to stop smoking during the training or for those with a smoking relapse [19] . Whether participants with a long history of nicotine addiction also benefit from complementary individual face-to-face counselling or personalised pharmacological cessation support in addition to special attention during and after the training requires further studies in the context of workplace interventions; in this study, self-use of pharmacotherapy did not have an impact on quit rate. The suggestions for additional interventions acknowledge the fact that tobacco dependence is a chronic disease and often requires repeated intervention and multiple attempts to quit [37] . That older participants were shown to be more successful at sustaining abstinence is comparable with other studies [5, 19] . Older persons with health-related symptoms like breathlessness on exertion were shown to more likely than those with chronic sputum production to stay abstinent for 2 years [19] . The current study raises some concerns regarding the negative effect of compact course types on long-term abstinence. As compact course participants are overrepresented among responders this needs further study. The discrepancy between the associations of participants' satisfaction with trainer or dissatisfaction with training with nonabstinence from smoking postintervention may be interpreted as discontent with the training format and content, while still acknowledging the trainers' commitment to their ab- 
CI = confidence interval; OR = odds ratio The p-value is the overall p-value of the respective variable (Wald test).
Restricted to participants with complete information in preand postintervention questionnaire (n = 840) and adjusted to pre-and postintervention questionnaire variables: participant gender, age, body mass index, work function, years smoked, cigarettes smoked per day, first cigarette smoked after waking up, intention to stop smoking, last smoke stop attempt, attendance to information event, attendance to all training sessions, cost account, time account, training type, training language, season by training begin, group size, trainer gender, trainer and participant gender, comprehensibility of trainer language, satisfaction with trainer, others, and training, withdrawal symptoms (sleeping troubles, increased appetite, increased anxiety, increased irritability, difficulty concentrating, depressed mood, increased nervousness or agitation, slower heartbeat, and other withdrawal symptoms), use of nicotine replacement or other pharmacological therapy, number of helpful techniques learned.
stinence attempt. In line with other studies, no associations were found between abstinence and work function, cost or time account, season in which training took place, group size, trainer gender, trainer and participant gender difference, or satisfaction with others [5, 19] . With respect to symptoms, a higher likelihood of abstinence at the end of the intervention was associated with sleeping problems and increased appetite. We assume that these symptoms are markers of successful smoking cessation rather than a motivational factor to quit. Also, weight gain was associated with abstinence at the postintervention assessment in the minimally adjusted models, but could not be analysed in the fully adjusted model owing to collinearity problems. Therefore, we cannot draw any conclusions concerning the influence of weight gain on abstinence. Neither these nor other symptoms (anxiety, irritability, poor concentration, depressed mood, nervousness or agitation, slower heartbeat) were independently associated with 1-year abstinence, either due to the low prevalence of some of these withdrawal symptoms or because their assessment after the course did not identify persons needing additional support for long-term smoking cessation. This may not be true for increased appetite, which was associated with a lower 1-year abstinence rate in women only. The study of McKee et al. showed that women may perceive risks such as postcessation weight gain more strongly than men and are therefore less likely to be motivated to quit smoking and more likely to relapse to smoking [17] . The strengths of this study are that it covers three culturally diverse language regions, has a substantial sample size, a real-life setting, and a relatively high postintervention response rate. Furthermore, we distinguished between nonresponse and not reported abstinence in a multinomial regression analysis and thereby were able to evaluate the role of nonresponse in associations between quit rates and their determinants.
The limiting factors of this study include its observational character and lack of a control group, the limited number of workplace settings considered, the relative large number of variables studied in comparison to the number of participants, the small numbers of participants involved regarding some of the variables, the reliance on self-reported abstinence without confirmation by carbon monoxide measurements or cotinine testing, and its considerable nonresponse rate at the 1-year follow up. The carbon monoxide measurements were not undertaken because of limited financial resources. A limitation of carbon monoxide is furthermore its relative short half-life. This type of study design and analyses in the absence of a randomised intervention with a control group can provide only suggestive, but not conclusive, evidence on associations between determinants and smoking cessation. Finally, these results may not be applicable to other populations and workplace settings.
In conclusion, this relatively low-cost intervention showed that a reasonable percentage of smokers can be motivated to achieve long-lasting smoking cessation in the context of group behavioural therapy programmes offered in workplace settings. However, young and heavy smokers potentially benefit from re-intervention and additional individual counselling. The problem of increased appetite and subsequent weight gain after smoking cessation may need specific attention in women.
Future studies are still needed to optimise a cost-effective group-level yet personalised counselling approach. Additional factors deserve to be studied, such as the impact of social support (spouse, family, friends, co-workers), workplace environment (regulations, financial support/incentive), trainer characteristics (experience, profession), and other health issues (comorbidity, multiple drug use, mental illnesses). BMI = body mass index; CI = confidence interval; NRT = nicotine replacement therapy; OR = odds ratio The p-value is the overall p-value of the respective variable (Wald test). * Restricted to participants with complete information in pre-and postintervention questionnaires (n = 840). The association of the outcomes with each of the determinants was adjusted for participant gender, age, training language, and work function. § 30 participants that probably stopped smoking before beginning the training and succeeded in staying abstinent until then. Recommended training at postintervention Weight gain at postintervention
NRT only (no pharmacotherapy) OR = odds ratio p-values from the Wald test Restricted to participants with complete information in pre-and postintervention questionnaires (n = 840*) and adjusted to pre-and postintervention questionnaire variables: participant gender, age, body mass index, work function, years smoked, cigarettes smoked per day, first cigarette smoked after waking up, intention to stop smoking, last smoke stop attempt, attendance to information event, attendance to all training sessions, cost account, time account, training type, training language, season by training begin, group size, trainer gender, trainer and participant gender, comprehensibility of trainer language, satisfaction with trainer, others and training, withdrawal symptoms (sleeping troubles, increased appetite, increased anxiety, increased irritability, difficulty concentrating, depressed mood, increased nervousness or agitation, slower heartbeat, and other withdrawal symptoms), use of nicotine replacement or other pharmacological therapy, number of helpful techniques learned. * 25 additional participants excluded from this analysis because category 4 "currently not smoking" of the variable "intention to stop smoking" could not be estimated in subgroup analysis (n = 815). OR = odds ratio p-values from the Wald test Restricted to participants with complete information in pre-and postintervention questionnaires (n = 840*) and adjusted to pre-and postintervention questionnaire variables: participant gender, age, body mass index, work function, years smoked, cigarettes smoked per day, first cigarette smoked after waking up, intention to stop smoking, last smoke stop attempt, attendance to information event, attendance to all training sessions, cost account, time account, training type, training language, season by training begin, group size, trainer gender, trainer and participant gender, comprehensibility of trainer language, satisfaction with trainer, others and training, withdrawal symptoms (sleeping troubles, increased appetite, increased anxiety, increased irritability, difficulty concentrating, depressed mood, increased nervousness or agitation, slower heartbeat, and other withdrawal symptoms), use of nicotine replacement or other pharmacological therapy, number of helpful techniques learned. * 25 additional participants excluded from this analysis because category 4 "currently not smoking" of the variable "intention to stop smoking" could not be estimated in subgroup analysis (n = 815).
